Disabled artists with physical impairments can experience significant barriers in producing creative work. Digital technologies offer alternative opportunities to support artistic practice, but there has been a lack of research investigating the impact of assistive digital tools in this context. This paper explores the current practice of physically impaired visual artists and their experiences around the use of digital technologies. An online survey was conducted with professional disabled artists and followed up with face-to-face interviews with ten invited artists. The findings illustrate the issues disabled artists experience in their practice and highlight how they are commonly using mainstream digital technologies as part of their practice. However, there is little awareness around novel forms of technology (e.g. eye gaze tracking) that present new creative opportunities. The importance of digital tools for supporting wider practice (i.e. administrative and business tasks) was also highlighted as a key area where further work is required.
Introduction
Professional disabled visual artists can experience significant barriers and difficulties in the production of their creative work. For instance, physically impaired artists can find it difficult to use common artistic tools such as brushes, pencils, and large canvases thus requiring them to adapt their practice to help facilitate the creative process. Traditional assistive tools such as mouth sticks, head wands, and custom designed grips (for holding brushes) can make creative work somewhat accessible, but research has shown they also present significant interaction issues and can lead to further health complications (Perera et al., 2007) .
Digital technologies present alternative approaches for disabled artists as assistive tools, but no studies to date have explored in detail how professional artists (across a range of career stages and art forms) incorporate such technologies into their practice. These technologies include mainstream artistic software (e.g. Photoshop, Illustrator, etc.), mobile applications (e.g. Sketchbook Pro, Manga Studio, and ProCreate), alternative mouse and keyboard designs, trackballs, and switches.
Moreover, there are many novel and innovative technologies such as eye gaze tracking (van der Kamp and Sundstedt, 2011; Heikkilä, 2013; Creed, 2016) , mid-air gesturing and motion tracking (Creed, 2014; Diment and Hobbs, 2014) , and voice recognition (Harada, et al., 2007) that have dropped in price significantly over the past couple of years. These technologies offer alternative assistive methods for disabled artists thus potentially helping to ensure they are not excluded or marginalised (Watling, 2011 ), yet it remains unclear whether artists are aware of these technologies and the extent to which they are utilising them as part of their practice.
Whilst views around digital technologies for disabled people have been explored in the context of perceptions, experiences, and wider issues (Harris, 2010; Borg et al., 2011; MacDonald and Clayton, 2013) , their role has not been investigated in the context of professional disabled artistic practice. A deeper understanding of the current practice of physically impaired visual artists, the typical barriers they experience, and their existing usage of digital technologies can help to inform software developers and engineers in producing new tools that better support creative work.
To address the lack of work in this area this paper details research conducted to explore in more detail the current practice of professional physically impaired artists with a particular emphasis on the role of digital technologies. An online survey was conducted with professional visual artists to investigate and understand better the creative process and experiences of disabled artists (n = 18). Ten artists -ranging in career stage and artistic medium -were then invited for face-to-face interviews to discuss their practice in further detail. This research was undertaken in collaboration with a disability-led visual arts organisation (DASH -Disability Arts Shropshire) who support and commission disabled visual artists. DASH supported the project in terms of assisting with the recruitment of artists, as well as informing the design of the survey and interview questions to ensure key areas around artistic practice were addressed.
Core themes emerging from this work are highlighted to explore how an artist's impairment can influence practice and the extent to which digital technologies are currently being utilised.
Research Questions
There were three key research questions that were investigated in this study: 
Related Work
Previous research studies have highlighted some of the issues disabled people experience around digital technologies (e.g. cost of devices, lack of support, negative attitudes to technology, technology abandonment, etc. -Phillips and Zhao, 1993; Riemer-Reiss and Wacker, 2000; Harris, 2010; Borg et al., 2011; MacDonald and Clayton, 2013) . Many researchers have also questioned the impact of digital tools in supporting disabled people more widely (e.g. Goggin and Newell, 2003) -however, there has been little work to date exploring the current practice of professional disabled visual artists and their use of assistive and digital technologies. Boeltzig (2009) investigated the working methods and practice of "younger" artists (aged 18-25) across a range of different impairments (visual, physical, and cognitive) and highlighted the adaptations some artists had to make around their practice. However, this work was primarily with "non-professional" artists, so it is unclear whether the themes and approaches highlighted also apply to more established artists. Perera et al. (2007) conducted a workshop with people who had a range of impairments to examine the methods they used to produce creative work as a hobby.
They found that people used traditional assistive tools such as mouth sticks, head wands, and custom designed grips to help them work, but highlighted how slow, tedious, and tiring the production of creative work can be for people with physical impairments. Moreover, whilst these tools can help facilitate creative activities (to a certain extent), they can also lead to further physical issues such as chronic neck strain and damage to teeth. It is important to note that this work was also not conducted with professional disabled artists -as such, it is unclear whether professional artists are using the same types of assistive tools and whether they experience similar issues around their practice.
Other work has explored the potential of do-it-yourself (DIY) tools to support creative work. For instance, Coleman and Cramer (2015) highlight how different types of assistive devices (digital and non-digital adaptations of traditional tools) can be used to support disabled children who want to do creative work. Hurst et al. (2011) discuss the development of non-digital assistive tools to support people who cannot use their hands to produce creative outputs. Other studies have focused more on digital technologies for supporting disabled people -for instance, Diment and Hobbs (2014) developed the Kinect Virtual Art Program (KVAP) which used the Microsoft Kinect sensor to track the gestures of severely disabled children. These gestures were then used as input for producing creative work within a therapeutic context. Harada et al. (2007) explored the use of voice recognition as an input for creating graphical work and developed a system designed predominantly for people with motor impairments to allow them to create free-form drawings.
Studies have also looked at eye gaze tracking technology for creative work -the first study in this area was reported by Gips et al. (1996) who presented an application called "Eye Painting" that mimicked finger painting with a user's eyes to create basic coloured line drawings. Hornof and Cavender (2005) developed EyeDraw -an application for disabled children and young adults that allowed them to draw and manipulate basic shapes through gaze tracking. Similarly, Heikkilä (2013) These studies all provide examples for how digital technologies can potentially support people creating graphical and artistic work. However, none of the studies were focused around professional disabled artists -it is therefore unclear how professional artists currently work and how they are utilising digital technologies to support their practice.
Methodology
The research had two stages -the first was an online survey examining how professional physically impaired artists currently work, the types of barriers they experience, and the extent to which they use digital tools. To take part in the survey participants had to be practicing and professional artists (i.e. they have exhibited their work) with some form of physical impairment. Moreover, their primary art form needed to be in the visual arts -with a particular emphasis on painting, drawing, and digital art.
The survey consisted of sixteen questions -the initial questions focused on collecting basic demographic information about the artists (e.g. age, gender, etc.), identifying the nature of artists' physical impairments, and exploring their current creative process. In particular, questions focused on how often artists typically work, the medium(s) they work in (e.g. paint, pencil, oils, etc.), and how their impairments influence practice. Artists were also asked about the types of software they currently use to create their work (if applicable).
The next set of questions focused on whether artists used assistive tools in their practice and examined whether these tools were "traditional" (e.g. head wands and mouth sticks) or "digital" (e.g. eye tracking technology, speech input, custom keyboards, etc.). If artists stated that they did not use assistive technologies, they were asked to explain further if there were any particular reasons for not using them.
Additional questions focused on how artists currently use the assistive tools they highlighted and any limitations they experience when using them. The survey concluded with a question around the extent to which artists required support from personal assistants.
The survey was completed by 25 artists although seven did not appear to have a physical impairment or did not provide sufficient detail in their responses to understand whether they met the full criteria for the study. These respondents were therefore not included in the final analysis. Artists reported working across a diverse range of disciplines such as painting, illustration, printmaking, clay and cardboard sculpting, eye gaze art, and digital photography ( Table 1 ). The artists were aged between 20 -74 and were at a variety of career stages including emerging, mid-career, and established.
Artists also reported a wide range of different physical conditions including multiple sclerosis, motor neurone disease, generalized dystonia, muscular dystrophy, cerebral palsy, arthrogryposis, quadriplegia, and multiple joint arthritis.
The second stage involved investigating more deeply some of the subtleties and nuances around the creative practice of visual artists working across different media. Indepth interviews (n = 10) were therefore conducted with invited artists (from the survey) using a qualitative semi-structured interview method. A quota sampling approach was adopted to ensure that artists were invited across a range of career stages (emerging, mid-career, and established) and art forms -as well as those using different types of assistive technologies.
The interviews focused on each artist's processes for creating their work, their views and experiences around the use of digital technologies in their practice, and their confidence around using technology to support their work (an issue that has been highlighted in the literature as negatively influencing technology adoption amongst disabled people -e.g. Harris (2010) and MacDonald and Clayton (2013)). Artists were also asked to bring along some of their work to help describe their creative process.
Personal assistants who accompanied the artists were also encouraged to share their views or any relevant insights. All interviews were video recorded for later analysis.
Analysis of the survey and interview data utilised an ethnographic approach (Glaser and Strauss, 1967) where the responses were coded and analysed to identify initial themes and concepts. These concepts were then iteratively analysed and refined through repeatedly exploring the relationships between different themes. This aspect of the study was also conducted in collaboration with DASH and the key themes and interpretations were shaped and confirmed through their feedback and input.
Findings

Impairment(s) Influencing Artistic Practice
Artists described the variety of ways in which impairments influenced their working methods. One strong theme to emerge was around constraints in the types of art forms that were feasible for artists. For instance, artists commented that they worked in a particular way or used certain tools because they were more accessible to them than others (or were the only method available):
"Eyegaze art is the only way that I can express myself creatively ... I would like to study art again, particularly life drawing, but it's difficult to get to classes because of my Moreover, artists emphasized how they can typically only work for short periods -generally around 2-3 hours at a time. This point was closely related to a common theme around experiencing fatigue which 11 artists in the online survey explicitly highlighted as influencing their practice: "Joint problems etc also limit very much my ability to paint landscapes/on location -all my work is studio based ... generally take photos in 2-3 hour sessions -longer not possible due to above issues and fatigue, partially caused by concentration needed for conversation" [Artist 14] "I paint and draw standing up for short periods at a time … I use digital drawing mostly using touch technologies for access and sometimes Wacom pen and pad on a low set desk sitting in my wheelchair for very short periods due to muscle fatigue" [Artist 8] Overall, the findings highlighted how the artists involved in the study have shaped and adapted their working methods and patterns to better support their individual creative practice. This, in turn, leads to highly individualised methods of working that typically require the use of specific tools and resources that enable artists to work independently (often with the support of personal assistants).
The Role of Personal Assistants
Another key theme to emerge was focused around personal assistance -11 artists in the online survey commented on the need for help from others to enable them to work. The level of assistance required depended on the specific needs of each artist -for example, some were completely reliant on others: Some artists did not need any help specifically around their creative work, but instead required support around transporting work and materials (either around a studio or to an exhibition). It is clear, therefore, that personal support from others plays a crucial role in supporting the creative practice of physically impaired visual artists with the specific needs highly dependent on individual requirements. As highlighted by numerous authors (e.g. Briesden, 1986; Davis, 1990; Morris, 1993; French, 1993) , this type of personal assistance is essential in enabling disabled people to live and work independently. However, whilst it is clear that this support enables physically impaired artists to work, two artists also highlighted the "constraints" this places around their It is often argued that digital technologies can address these issues and reduce reliance on others thus helping to support "independence". However, self-sufficiency should not necessarily be the end goal with regards to using digital technologies in supporting artists -as French (1993) emphasises "… independence [for disabled people] can give rise to inefficiency, stress and isolation, as well as wasting precious time". It is also important to note that digital technologies and tools (designed and customised to the specific needs of a disabled artist) are unlikely to completely remove the need for personal support. For example, if an effective and efficient eye gaze tracking solution was developed to support the practice of disabled artists, it is likely that someone with more severe physical impairments would still need support in setting up the eye tracking sensor and running through the eye calibration process (i.e. an interactive softwaredriven process that allows the system to accurately track an individual's eyes).
Moreover, the use of digital technologies to support artistic practice can present issues around personal assistants needing significant technical experience to help troubleshoot or fix basic (or more complex) technical issues if the tools, sensors, or devices are not working. This, in turn, could make the creative process more problematic and frustrating for disabled artists if technical issues cannot be quickly resolved. Artists highlighted several advantages they found when using mainstream digital technologies and software -in particular, they commented how use of a Wacom tablet, for example, can help support dexterity as well as making it feasible to remove unintentional mistakes. Artists also commented on how a digital approach offered more flexibility and freedom in their practice. However, some artists also highlighted the issues they experience when using mainstream digital tools -these included issues around lacking control when using a stylus with artistic applications, difficulty around operating multi-touch tablets (typically due to motor impairments), the use of trackballs as a mouse replacement leading to repetitive strain injuries, the different feel of using a digital approach over traditional tools (which provide tangible feedback and can incorporate more "randomness" into work), and issues around the use of digital equipment that may be too big or heavy to use: "The digital responses are less intuitive and lack the gestural impact that one material interacting with another has. less accidental marks and no translucent colour layering" However, to take one example, the use of a technology such as eye gaze tracking presents a completely different form of interaction in comparison to a mouse and keyboard (Jacob, 2003) . Multiple research studies have highlighted how users (disabled and non-disabled) find it difficult to select small targets via eye gaze due to a range of technical and physiological constraints (Bates and Istance, 2002; Ashmore et al., 2005; Findlater et al., 2010) . Therefore, attempting to use this form of interaction (or others) -in conjunction with interfaces that have been designed primarily for non-disabled users operating a mouse and keyboard -is likely to be problematic.
Wide Usage of Mainstream Artistic
This particular example was supported by Artist 4 -this artist utilises eye gaze tracking technology to support her creative practice. Whilst this technology assists her in accessing and using creative software, she also highlighted how this approach "… takes a long time which is frustrating, because I compare how quickly I would work if I could still use my hands". This was emphasised in a demo she provided of how she uses eye gaze tracking with Natural Revelation Art package -an application she uses because it has larger icons and buttons than those commonly used in other creative packages (likely due to the fact that children are a key target audience for this software).
Whilst the use of eye gaze tracking to control this application was somewhat accessible in enabling her to produce creative work, it was also clear that simple actions such as selecting a "pen" tool often had to be repeated on multiple occasions (thus potentially leading to frustrating user experiences).
To draw on work by Akrich (1993) , these findings highlight how the "scripts" used by designers of mainstream creative software still do not appear to prioritise or emphasise inclusive design. Moreover -consideration has not been given to the plethora of ways in which disabled people may want to use and access the software and as such they may have to endure a sub-standard interaction experience (or be completely excluded). Simply bolting on digital technologies (such as eye gaze tracking, speech recognition, or motion tracking) onto existing interfaces is unlikely to provide an optimal experience and means that disabled artists will likely have to find workarounds to try and make software accessible. If designers can create "scripts" or "scenarios" that are more inclusive in nature -combined with iterative design and development undertaken in close collaboration with disabled people and other stakeholders (in real world longitudinal scenarios) -the potential for creating more effective and efficient methods may be increased.
Specialised Assistive Technology Not Widely Used
10 artists from the online survey reported not currently using any digital assistive tools (e.g. eye gaze tracking, speech recognition software, etc.) to support their working practice. In particular, none of the artists reported using traditional assistive tools such as head wands, mouth sticks, or custom-designed grips for creative work. Those who are using assistive technology are making use of trackballs, eye tracking technology, elbow crutches, and wheelchair accessories (e.g. for holding cameras). In terms of software, artists reported using speech-to-text applications (e.g. Dragon NaturallySpeaking) and accessibility features such as screen magnifiers and virtual keyboards.
Whilst these tools can provide benefits to artists, they also present other issuesfor instance, one artist using a wheelchair camera holder experiences significant issues in attaching it to her chair and then attaching the camera to the arm (Artist 3). The arm is also not long enough and thus the artist has to bend forward to see through the viewfinder (which can lead to lower back issues). In terms of trackballs, Artist 7 commented that they enable finer control of the mouse (when coupled with software that slows down the cursor), but that after repeated use it has resulted in a repetitive strain injury.
Other artists have experienced issues with accessibility software -for example, Artist 18 commented on difficulties experienced with speech-to-text software in that it did not always "... catch many of the little words..." the artist used. There also appeared to be a lack of awareness around the variety of digital technologies that could be used for assistive purposes (as suggested by the lack of discussion in artist responses). The reasons for this lack of awareness are unclear, although could be related to the novelty of some of the technologies. For instance, eye gaze tracking is not a commonly used technology and may not be familiar to artists who have not explicitly researched or explored this method of interaction. Moreover, as highlighted in previous work (Harris 2010; McDonald and Clayton, 2013) , cost could also be significant issue with the perception that innovative technologies are likely to be extortionately expensive (which is not necessarily always the case).
Importance of Wider Practice
Artist 18 highlighted an essential point that has received no attention from researchers to date which is related to issues around administrative tasks. The artist's personal assistant summarised this effectively (the artist has cerebral palsy): "… a simple task, such as … a seven-line email can take 40 to 60 minutes to complete... extrapolate this for the number of emails she receives -her gallery, art institutions, suppliers, media, students -plus ordering of supplies, arranging print-making, planning work for a show and catalogue, and the time and effort involved are considerable and exhausting. It is unusual ... to be able to get into the studio before midday most days."
[Artist 18] Whilst this point was not explicitly raised by other artists, it will likely apply more widely for artists who may have issues in using traditional input tools for computers (i.e. a mouse and keyboard). It is therefore not sufficient for digital tools to only make the artistic and creative process more accessible -they also need to support all of the wider tasks involved in an artist's practice. This is a neglected research area where further work is required.
Conclusion
This study focused on three core research questions to explore the creative practice of professional physically impaired visual artists and their use of digital technologies.
These questions placed a particular emphasis on the way in which artists currently work (e.g. which types of art forms, typical creative process, etc.), the barriers and issues they currently experience around their practice, and the extent to which they are currently utilising digital technologies and assistive tools to support their practice.
The findings highlighted that artists are working professionally across a variety of different art forms including painting, illustration, printmaking, sculpting, eye gaze art, and digital photography. In terms of artistic process, methods of working are clearly dependent upon the individual artist and their unique requirements -although several key themes emerged. For instance, some artists worked with particular art forms as these were the only ones that were feasible or accessible to them. Several artists have had to adapt their practice over time as their impairments have developed with artists highlighting, for example, how they have switched to working on smaller scales and then scaling up their work. Artists also discussed ways in which they attempt to reduce the impact of physical impairments influencing their process through ergonomically adapting the way in which they work (sometimes in ways that will likely lead to further physical issues -as in the case of Artist 9 working on floor in a W seated position).
In terms of issues that artists experience around their practice, fatigue was highlighted as a common barrier to working thus resulting in many of the artists only being able to work for short periods at a time. Other issues focused around being able to move and transport tools, adjusting the height of easels, squeezing paint out of tubes, and a range of other challenges (dependant on the specific experience of individual artists). As such, personal assistance was emphasised by many artists as being a crucial element of their practice in enabling them to work and to have control over their creative workflow. However, whilst assistants are essential in supporting the work of disabled artists, a couple of artists also expressed some frustration that they could only work when assistants were available. It is often argued that digital technologies could help to provide disabled people with more self-sufficiency and independence although this was only a desire that Artist 9 explicitly commented on ("I believe that I could be completely independent with the right equipment/software"). Similar to previous work, this suggests that self-sufficiency and complete independence is not necessarily a specific goal for the majority of artists involved in this project.
The findings around the artists' use of digital technologies and assistive tools in their practice were surprising. In particular, it was found that mainstream digital technologies and software are widely used and that these tools are supporting disabled artists to produce creative work professionally. This was a surprising finding as these tools would often be considered inaccessible to disabled people due to the design of the interfaces being developed for people using a traditional mouse and keyboard.
Moreover -this finding contradicts previous work in the field (e.g. Harris, 2010) which has highlighted how disabled people are not commonly using mainstream technologies and software. This change in trend may likely be due -in some part -to the wider choice of potential applications available (e.g. on mobile platforms) and improvements made to the accessibility of a range of devices (e.g. accessibility features available on Windows, the Mac operating system, iOS, and Android). Whilst these accessibility features can make mainstream software somewhat accessible, it can also lead to interaction issues as artists are having to "bolt" different input methods onto applications that were not necessarily designed to support those methods of interaction (e.g. using eye gaze tracking with Photoshop).
In contrast, only a small minority of the artists reported using more novel technologies such as eye gaze tracking and speech recognition to support their practice.
As noted in other research (Harris 2010; McDonald and Clayton, 2013) this seems to be due to a lack of awareness and access to these products -with cost often being a significant barrier. However, whilst the prices of these technologies have dropped significantly (i.e. typically around £100), there still seems to be limited awareness of these tools and their potential to support practice. There also remains relatively few tools available that are designed to specifically support disabled people for creative work. As highlighted, this results in artists having to adapt themselves to use mainstream technologies as opposed to tailoring these tools to support their specific needs and requirements. Therefore, whilst professional creative work is clearly possible using novel digital technologies (as exemplified by Artist 4 using eye gaze tracking), it can be a time-consuming, tedious, and frustrating process that requires significant effort and persistence to produce work.
The research conducted in this study highlights both how digital technologies can potentially support creative practice for disabled artists and also introduce further issues and complications. To address some of these issues, future work in this area needs designers, developers, and user experience specialists -in collaboration with disabled artists and other stakeholders -to create digital tools that better support people wanting to produce creative work (using a variety of input methods). Whilst alternative approaches for producing creative work are made available through the increased accessibility of innovative technologies, the risk is that these technologies are simply "bolted" onto mainstream tools, applications, and software. This will likely result in usability issues as these mainstream applications have not been designed for novel methods of interaction such as eye gaze tracking, mid-air gesturing, speech recognition, or switch-based interaction. It is crucial, therefore, that a collaborative approach is adopted to increase the likelihood that future tools are designed to address the specific needs and requirements of disabled artists. Moreover, it is essential that future research not only focuses on creative work, but also all the activities associated with the wider practice of disabled artists (e.g. the business side of their practice). This is an area that has received no attention from researchers to date, but is essential to ensure that artists can manage all aspects of their practice.
In summary, this research provides a deeper insight into the working practice of professional physically impaired visual artists and demonstrates the variety of ways in which artists are producing their work (including barriers, use of digital technologies, etc.). Novel technologies present alternative approaches for disabled and non-disabled artists to produce creative work, although it was clear from this study that disabled artists are not aware of these possibilities. Furthermore, it is not yet clear whether technologies such as eye gaze tracking and speech recognition can genuinely enhance the practice of disabled artists more widely or whether they simply introduce more complexities and challenges. This therefore represents an interesting area for future research to help better determine the long-term impact of these digital and assistive technologies to support the creative practice of disabled artists. 
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